Cisplatin-based concurrent chemoradiotherapy (CCRT) is a standard treatment for cervical cancer, but nedaplatin-based CCRT is not routinely administered. We evaluated the efficacy and safety of nedaplatin-based CCRT (35 mg/m 2 weekly) and analyzed prognostic factors for survival among 52 patients with International Federation of Gynecology and Obstetrics (FIGO) Stage IB2-IVA cervical cancer treated from 1999 to 2009. Patients were treated with a combination of external beam radiotherapy of 40-56 Gy (in 20-28 fractions) and 13.6-28.8 Gy (in 2-4 fractions) of high-dose-rate (HDR) intracavitary brachytherapy or 18 Gy (in 3 fractions) of HDR interstitial brachytherapy. Overall survival (OS), progression-free survival (PFS), and local control (LC) were estimated using the Kaplan-Meier method. The Cox proportional hazard model was used for multivariate analysis. Acute and late toxicities were evaluated using the Common Terminology Criteria for Adverse Events version 4.0. The median follow-up period was 52 months. The median patient age was 63 years. The 5-year OS, PFS and LC rates were 78%, 57% and 73%, respectively. Multivariate analysis showed that histologic type, maximum tumor diameter, and pretreatment hemoglobin level were independent risk factors for PFS. Regarding adverse effects, 24 patients (46%) had acute Grade 3-4 leukopenia and 5 (10%) had late Grade 3 gastrointestinal toxicities. No patient experienced renal toxicity. Nedaplatin-based CCRT for FIGO Stage IB2-IVA cervical cancer was efficacious and safe, with no renal toxicity. Histologic type, maximum tumor diameter, and pretreatment hemoglobin level were statistically significant prognostic factors for PFS.
INTRODUCTION
Cisplatin-based concurrent chemoradiotherapy (CCRT) is a standard treatment for locally advanced cervical cancer. Although many combinations of cisplatin-based chemotherapy have been tested and reported in randomized trials [1, 2] , weekly cisplatin (40 mg/m 2 ) remains the standard treatment in daily practice and current clinical trials in the USA.
In a multicenter Phase II trial, the Japanese Gynecologic Oncology Group (JGOG) study 1066 demonstrated that cisplatin-based CCRT using high-dose-rate (HDR) intracavitary brachytherapy (ICBT) achieved comparable outcomes with global dose schedules, despite Japanese centers adopting lower cumulative radiation dose schedules at Point A than those in the USA and Europe [3] . These centers reported that HDR ICBT was feasible, with acceptable toxicity compared with previous clinical studies of cisplatin-based CCRT [4] . However, hematologic and renal toxicities, which may lead to treatment delay or dose reduction, remained. Therefore, less toxic platinum agents with a similar effectiveness to that of cisplatin should be established for patients suffering from uterine cervical cancer.
Nedaplatin (cis-diammine-glycoplatinum), a derivative of cisplatin, was developed in Japan with the aim of producing a treatment with a similar effectiveness to cisplatin, but with decreased renal and gastrointestinal toxicities [5] [6] [7] [8] [9] . A previous Phase II study conducted in Japan suggested that nedaplatin had a favorable clinical efficacy, comparable with that of cisplatin [10] . In our facility, locally advanced cervical cancer has been treated with CCRT using nedaplatin since December 1999. We previously reported the clinical treatment outcomes of clinical International Federation of Gynecology and Obstetrics (FIGO) Stage IIIB disease and demonstrated that nedaplatin-based CCRT improved treatment outcome compared with radiotherapy alone with an efficacy similar to that of cisplatin-based CCRT [11] . However, the clinical outcome of nedaplatin-based CCRT for FIGO Stage IB2-IVA has not yet been reported, and the estimation of toxicity remains insufficient because of the short follow-up period in these studies.
This study aimed to retrospectively evaluate the efficacy and safety of nedaplatin-based CCRT and to analyze prognostic factors for survival among patients with FIGO Stage IB2-IVA cervical cancer.
MATERIALS AND METHODS

Patients
Overall, 178 patients with histologically proven FIGO IB2-IVA cervical cancer were treated at Osaka University Hospital (Osaka, Japan) between December 1999 and December 2009. Of these, 126 patients were excluded from this study because of previous radiation therapy (RT) alone, lack of HDR brachytherapy in the treatment schedule, or distant metastases. Thus, a total of 52 patients with FIGO Stage IB2-IVA cervical cancer treated with radical CCRT with nedaplatin were included for analysis. Of a total of 52 patients, 20 were treated within the context of a previous clinical study [11] .
Characteristics of the included patients are shown in Table 1 . Tumor diameter and pelvic nodal status were diagnosed by computed tomography (CT) or magnetic resonance imaging (MRI) and reviewed by radiologists. No patient underwent biopsy to confirm metastasis of the enlarged nodes (minimum diameter ≥ 10 mm).
This study was performed according to the guidelines approved by the institutional review board of our institution. Written informed consent was obtained from each patient before receiving treatment.
External beam radiotherapy
External beam radiotherapy (EBRT) was performed using a 10-MV X-ray machine. Anterior-posterior parallel-opposed portals or 4-field orthogonal portals were used to administer a single 2-Gy dose in five fractions per week. The upper margin of the radiation field for the whole pelvis was taken as the upper border of the fifth lumbar vertebra, the lower margin was the inferior border of the obturator foramen, and the lateral margin was 1.5-2 cm lateral to the bony pelvis. Since April 2008, all patients have been treated with 3D conformal radiotherapy. A whole pelvic field with midline block was defined as the whole pelvic field, with a 4-cm-wide midline block at the isocenter plane at the lower two-thirds length of the field. An additional boost of irradiation at a total dose of 6 Gy in three fractions, using opposing anteriorposterior beams, was delivered to the enlarged nodes in one patient.
For HDR brachytherapy, HDR ICBT or HDR interstitial brachytherapy (HDR ISBT) was performed. HDR ICBT was performed once per week during the course of EBRT with a midline block field. Otherwise, HDR ISBT was performed in the period between the course of EBRT and that of EBRT with a midline block field. EBRT was skipped on the day that HDR ICBT or HDR ISBT was performed. Different radiotherapy schedules and doses were administered for each FIGO stage and tumor size because of differences in extension of tumors in the parametrium and vagina. Details of our RT schedule are described in Table 2 . The equivalent dose in 2-Gy fractions (EQD2) administered to Point A, defined as 2 cm above the cervical os and 2 cm perpendicular to the uterine axis along the plane of the uterus, was calculated using the linear quadratic (LQ) equation for each schedule. The equation used to calculate the EQD2 was as follows:
where N is the fraction number of EBRT (before central shielding), d is the fractional dose of EBRT, N B is the fraction number of HDR ICBT or HDR ISBT, and d B is the fractional dose of HDR ICBT or HDR ISBT. For the LQ calculation, a value of α/β = 10 was assumed for tumors.
Intracavitary brachytherapy
ICBT was administered to patients using the microSelectron Digital (HDR-V3) Brachytherapy Afterloader (Elekta Inc., Atlanta, GA, USA) with Fletcher-type (Fletcher-Williamson Asia Pacific) metal applicators (Elekta Inc.) comprising one curved central tandem and two non-shielded ovoids without general anesthesia [12] . For patients with vaginal infiltration or a narrow vagina, a tandem with a vaginal cylinder was used. The treatment unit houses an iridium ( 192 Ir) source of 370 GBq at maximum activity. After insertion of the applicators, the vaginal wall was kept distant from the applicator with packing gauze to protect the rectum and bladder from exposure to the high-dose area. Next, a flexible lead bead wire was inserted into the rectum to sense the rectal lumen. Each prescribed ICBT dose was 6.8 or 7.2 Gy per fraction at Point A. The rectal dose was estimated using the points of the lead bead wire that was inserted into the rectum and calculated using a treatment-planning system (PLATO; Elekta Inc.). In the early period, only radiolucent gauze was used for vaginal packing; therefore, it was impossible to calculate the dose to the rectal reference point as defined in Report 38 from the International Commission on Radiation Units and Measurements.
Interstitial brachytherapy
ISBT was also administered using the microSelectron Digital (HDR-V3) Brachytherapy Afterloader with an 192 Ir source [13] . For implantation, interstitial stainless steel needles were inserted using the Martinez Universal Perineal Interstitial Template. The template and vaginal cylinder were inserted into the vagina under guidance by transrectal ultrasound imaging and sutured to the perineal skin. Under real-time transrectal ultrasound monitoring of the largest cross-section of the tumor, the applicators were placed at 1-cm intervals along a line covering the tumor and the vaginal cylinder. On the rectal side, the applicators were positioned 0-3 mm inside the tumor border. The top 1-cm bands of the applicators were inserted into the peritoneum beyond the tumor. HDR ISBT was performed using 3D image-based planning with CT scans (slice thickness, 2.5 mm) after the needles were inserted. The treatment-planning system (PLATO; Elekta Inc.) was then used to contour the target volume based on the CT-standardized contour guidelines [14] . Patients underwent diagnostic MRI before ISBT administration to obtain scans for use as references when the gross tumor volume (GTV) and organs at risk (OARs; rectum and bladder) were contoured during the planning CT scan (CT-MRI fusion was not used). GTV was determined based on the tumor dimensions detected by T2-weighted MRI. The clinical target volume (CTV) consisted of GTV plus the upper third of the vagina. During the CT-based dose prescription, the treatment-planning system was used in combination with manual modification to ensure that 100% of the isodose line encompassed the CTV on every slice. We ensured that the doses delivered to OARs were <100% of the prescribed dose, except in cases where the OARs adhered to or were invaded by the tumor. The first fraction of irradiation (prescribed dose, 6 Gy) was administered during the afternoon on the day of the implant procedure. Beginning on the following day, 6 Gy of irradiation was administered twice a day with at least 6 h between each treatment session (total dose, 18 Gy).
Chemotherapy
For CCRT, chemotherapy consisted of weekly nedaplatin intravenously administered at a dose of 35 mg/m 2 in a 1-h infusion. Hydration was not required before or after drug administration. The first cycle of nedaplatin was initiated during the first round of EBRT. Drug administration was repeated weekly during the course of EBRT and HDR brachytherapy, except on the same day that HDR brachytherapy was performed. A median of five cycles (range, 1-6) was administered per patient. Two patients (4%) received six cycles of chemotherapy, 32 (62%) received five cycles, 10 (19%) received four cycles, 4 (8%) received three cycles, 3 (6%) received two cycles, and one patient received only one cycle because of anaphylaxis. Renal function and blood counts were estimated before each cycle. Drug administration was withheld if the granulocyte count was <1500/μl or the platelet count was <100 000/μl. Drug administration was also withheld if the patient could not tolerate acute gastrointestinal toxicity during the treatment course. Even if chemotherapy was suspended, radiation therapy was continued as long as the white blood cell count was >2000/μl and the platelet count was >50 000/μl.
Follow-up and treatment assessment
During treatment, patients were evaluated at least weekly by clinical assessment, pelvic examination, and complete blood count. MRI examinations were performed at 20-40 Gy of EBRT to assess treatment response and ICBT applicability.
From 2-4 weeks after completion of treatment we evaluated the response during regular follow-up examinations every 1-2 months for the first year and then every 3 months thereafter. A pelvic examination was performed during each follow-up visit, and tumor markers were checked every 3-6 months. Three months after completion of treatment, we evaluated initial treatment response by radiologic pelvic examinations and smears. If residual disease was suspected, a biopsy was performed. Additionally, radiographic examinations (chest X-ray, CT scan, and positron emission tomography CT) were conducted yearly. Local and pelvic recurrences were confirmed if disease was detected in the irradiated field. Distant metastases were defined by tumor growth outside of the pelvis. When pelvic recurrence was noted at follow-up, salvage surgery was performed whenever possible. Otherwise, chemotherapy or palliative RT was administered for treatment of recurrent tumors. Acute and late adverse effects were evaluated according to the Common Terminology Criteria for Adverse Events (ver. 4.0) guidelines.
Statistical analysis
Patient survival was measured from the date of therapy initiation to the date of the last follow-up examination. Overall survival (OS), progression-free survival (PFS), and local control (LC) were estimated using the Kaplan-Meier method. The statistical significance of various parameters for PFS was analyzed using the Cox proportional hazards model. The logistic regression method was used for analysis of factors affecting local recurrence after achieving a complete response (CR), acute Grade 3-4 hematologic toxicities, and late Grade 3 gastrointestinal toxicities. Comparison of categorical variables was performed using the chi-square test. A probability (P) value of <0.05 was considered statistically significant. All analyses were performed using JMP ver. 9.0.2 statistical software (SAS Institute, Inc., Cary, NC, USA).
RESULTS
Treatment outcomes
Three months after completion of CCRT, 44 patients (85%) achieved CR within the pelvic lesion and 8 (15%) exhibited a partial response (PR). CR of the primary tumor was achieved by 46 patients (88%), but nine developed local recurrence. Of the 52 patients, 20 experienced treatment failure: 15 (29%) had locoregional failure, and 5 (10%) experienced only distant metastases. The estimated 5-year OS, PFS and LC rates were 78% [95% confidence interval (CI), 69-91%], 57% (95% CI, 42-70%) and 73% (95% CI, 58-84%), respectively (Fig. 1) .
Acute adverse effects
The most severe toxicities experienced by the patients are listed in Table 3 . There were no treatment-related deaths. Hematologic toxicity was the most common acute toxicity. Otherwise, there was no incident of acute kidney toxicity, as evaluated by an increase in serum creatinine.
Late adverse effects
Major late adverse effects are described in Table 4 . There were no Grade 4 complications, whereas Grade 3 complications occurred in 7 patients (14%). Five patients (10%) developed Grade 3 gastrointestinal toxicities diagnosed as intestinal obstruction. Two patients (4%) developed Grade 3 rectovaginal fistulas and all received a colostomy. Regarding renal and urinary disorders, there was no instance of renal toxicity. Table 5 shows the results of the Cox proportional hazards regression model for predicting PFS in cervical cancer.
Statistical analysis
Univariate analysis revealed that histologic type [squamous cell carcinoma (SCC) vs adenocarcinoma] (P = 0.03), maximum tumor diameter (≤40 vs >40 mm; P = 0.01), and pretreatment hemoglobin level (≥11 vs <11 g/dl; P = 0.03) were significantly associated with PFS. Multivariate analysis revealed that histologic type (SCC vs adenocarcinoma; P = 0.02), maximum tumor diameter (≤40 vs >40 mm; P < 0.01), and pretreatment hemoglobin level (≥11 vs <11 g/dl; P = 0.01) remained as significant prognostic factors.
Comparisons of categorical variables between cases with and without evidence of local disease after CR using the chisquare test are shown in Table 6 . There were significant differences between histologic type (P < 0.01), maximum tumor diameter (P = 0.03), and pretreatment hemoglobin level (P = 0.04). However, in this case, the cut-off values of maximum tumor diameter of 4.0 cm and pretreatment hemoglobin level of 11.0 g/dl were not significant.
Comparisons of categorical variables between cases with and without the development of acute Grade 3-4 hematologic toxicities, including leucopenia, anemia, neutropenia and thrombocytopenia (using the chi-square test) are shown in Table 7 . There was no statistically significant difference. Additionally, we analyzed comparisons of categorical variables between cases with and without the development of late Grade 3 gastrointestinal toxicities with respect to the same factors on Table 7 [age (P = 0.56), BMI (P = 0.81), tobacco use (P = 0.22), alcohol use (P = 0.48), diabetes (P = 0.35), FIGO Stage (IB2/II vs III/IVA) (P = 0.91) and total nedaplatin dose (P = 0.08)]. No statistically significant differences were found. Values are presented as number (%) or median (range). CR = complete response, NED = no evidence of disease, EQD2 = equivalent dose in 2 Gy fractions. Values are presented as number (%) or median (range).
DISCUSSION
Since the 1999 National Cancer Institute (NCI) Clinical alert was issued, chemoradiotherapy has become widely used in the treatment of cervical cancer. Various chemotherapeutic regimens have been investigated for CCRT in cervical cancer. Currently, weekly administration of cisplatin at a dose of 40 mg/m 2 has become a standard regimen [15] [16] [17] [18] [19] [20] . The Phase II JGOG 1066 study demonstrated that CCRT with a weekly cisplatin dose of 40 mg/m 2 for locally advanced cervical cancer was available in Japan, despite using lower cumulative radiation dose schedules at Point A [3] . Comparisons of the clinical outcome and toxicities of cisplatin-or nedaplatinbased CCRT are indicated in Table 8 . The 3-year OS rate of 83% and the 3-year PFS rate of 35% found in our study are comparable with those demonstrated in previous clinical studies of cisplatin-and nedaplatin-based CCRT.
Regarding acute toxicities, the hematologic toxicity of nedaplatin-based CCRT was comparable with that of cisplatinbased CCRT. There was no statistically significant association with Grade 3-4 hematologic toxicities found in this study.
It is, however, remarkable that there was no renal toxicity found in our study in contrast to other studies of cisplatin-based CCRT [10, [15] [16] [17] [18] [19] [20] [21] . Serkies et al. [22] reported that the most common side effects causing discontinuation of cisplatin-based chemotherapy included gastrointestinal toxicity and impaired renal function. Chen et al. [19] also reported discontinuation of chemotherapy in three (4%) patients because of renal toxicity. Additionally, in the JGOG 1066 study, acute toxicity of increased serum creatinine occurred in 14 patients (19%), including Grade 3 toxicity in two patients. Although there was no discontinuation of chemotherapy, chemotherapy delay or dose reduction was necessary in four patients (6%) because of elevated serum creatinine. In contrast, renal toxicity did not affect the chemotherapy schedule in our study.
Regarding late complications, Grade 3 gastrointestinal toxicities (diagnosed as intestinal obstruction) occurred in five patients (10%) in this study. Some studies reported that severe late gastrointestinal toxicities (≥Grade 3) were observed in 3-9% of patients treated with cisplatin-based CCRT [16, 17, 19] . The frequency of Grade 3 gastrointestinal toxicities in our study was almost the same as that found in these previous studies. And there was no significant statistic factor by our result in this study. In regards to late renal toxity, although Chen et al. reported that five patients (6.2%) developed renal insufficiency as an irreversible late adverse effect [19] , none of the patients developed this complication in our study.
In our study population, histologic type (SCC vs adenocarcinoma), maximum tumor diameter (≤40 vs >40 mm), and pretreatment hemoglobin level (≥11 vs <11 g/dl) were significant prognostic factors for PFS. Additionally, these parameters were reported as prognostic factors for cisplatinbased CCRT in other studies [10, [23] [24] [25] [26] . With nedaplatinbased CCRT, we should consider the prognostic factors found for cisplatin-based CCRT.
Regarding local tumor control, 46 patients in this study achieved local CR, although nine experienced local recurrence after CR, and five of these patients later developed distant metastases. Our study showed that histologic type had the most significant association with local recurrence after CR. Adenocarcinoma occurred most often as the local recurrence after CR. Katanyoo et al. reported that adenocarcinoma developed significantly more often as residual disease after treatment than did SCC and also had a significantly lower CR rate [27] . Our study demonstrated that adenocarcinoma requires careful follow-up, even if local CR is achieved. Currently, there are a range of approaches to improving PFS and LC. A meta-analysis has revealed that the benefit associated with chemoradiotherapy might be obtained not only with the use of platinum but also with the use of non-platinum regimens as an additional option [2] . Moreover, that study suggests that additional chemotherapy after chemoradiotherapy might offer even greater benefits. Furthermore, consolidated CCRT regimens using a combination of platinum and nonplatinum agents are available. Conversely, based on recommendations of the Groupe Européen de Curiethérapie/European Society for Therapeutic Radiation and Oncology working group [28, 29] , 3D imaging (MRI or CT)-based treatment planning for cervical cancer brachytherapy, known as image-guided brachytherapy (IGBT), has become more widely used than traditional 2D brachytherapy. Hence, IGBT may achieve appropriate target coverage and local tumor control [30] .
In conclusion, our data showed that nedaplatin-based CCRT for cervical cancer was feasible and efficacious and resulted in less toxicity compared with cisplatin-based CCRT, especially with respect to the lack of renal toxicity. Statistically, histologic type, maximum tumor diameter, and pretreatment hemoglobin level were significant prognostic factors for PFS. In the case of adenocarcinoma there was a greater incidence of local recurrence after CR. To improve treatment outcomes in patients exhibiting these factors, we should carefully note them and select higher intensity modalities, such as consolidation CCRT and IGBT.
